Satellite-derived surface temperature data is increasingly required to supplement the limited weather stations for the assessment of temperature trend over the data-sparse Antarctic Ice Sheet. To accomplish this, it is essential to assess the relationship and difference between satellite-based land-surface temperature (LST) retrieval and air temperature observation. In this study, we made a comparison between monthly averaged LST from Moderate Resolution Imaging Spectroradiometer (MODIS) and the corresponding air temperature at the nominal heights of 1 m and 2 m from automatic weather stations (AWSs) over the Lambert Glacier basin, East Antarctica. This comparison reveals a statistically significant correlation between the two types of temperature measurements with correlation coefficient (R) above 0.6. Also, the time difference between satellite overpass and air temperature observation is not critical for the R values. Although MODIS LST evidently deviates from air temperature (Mean difference fluctuates from 2.87˚C to 8.08˚C) probably due to the temperature inversion effect, heterogeneity in surface emissivity, representative of AWS measurements and satellite self limitation. MODIS LST measurements have a great potential for the accurate evaluation or monitoring of regional air temperature over Antarctica, and thus better improve current reconstruction of spatial and temporal reconstruction variability in Antarctic temperature.
Introduction
Antarctic Ice Sheet plays an important role in the global climate and has large potential contributions to sea level rise. It is of importance to evaluate Antarctic near-surface temperature changes to better understand the Antarctic Ice Sheet mass balance and Antarctic climate change in response to global warming. There are only 16 meteorological stations located mainly along the coast with continuous weather records since the 1957/58 Internal International Geophysical Year (IGY), which may result in considerable uncertainties for the assessment of climate changes over inland Antarctica. To improve the spatial coverage of weather observations, more than 100 Automatic Weather Stations (AWSs) were installed [1] [2] [3] . However, limited climate information in Antarctic interior can be captured due to the considerable regions still undocumented by weather observation. Despite substantial improvement in assimilation skills of atmospheric models, the widely used reanalysis data have artificiality over Antarctica, especially over East Antarctic Plateau [4] . Additionally, the previous statistical reconstruction of air temperature may have large errors due to the few in situ observations available and large seasonal and inter-annual variability in regional air temperature [5, 6] . As a result, knowledge of change trends in Antarctic air temperature at continental scale remain challenged by the sparseness and short duration of observations and the spatial heterogeneity of air temperature variations. Therefore, much attention have been paid to employ remote sensing-based land surface temperature (LST) either as a substitution or in combination with more spatially limited near-surface air temperature observations to improve the assessment and reconstruction of Antarctic air surface temperature spatial and temporal variability [7] [8] [9] [10] [11] . Sat ellite-derived LST is also useful for climate simulation, hydrologic, ecological and biogeochemical studies.
LST derived from NOAA AVHRR and SSM/I satellites have been used to detect Antarctic temperature variability and trends [7] [8] [9] , and snow melt [12, 13] . More recently, there has been a rapid increase in the needs of LST products derived from the Moderate Resolution Imaging Spectroradiometer (MODIS) for many fields such as quantifications of heat waves [14] , forest cover change [15] , assessment of air temperature [16] , hazard prediction and mitigation [17] , water resource management, and improvement of weather forecast [18] . Validated attempts have been therefore made through either surface emissivity spectra measurements or in situ temperature observations over lakes [19] [20] [21] [22] , cropland [23] [24] [25] , bare soil [26] , silt-playa [20] , densely vegetated areas [21] , snow and ice surface [27] and permafrost region [28, 29] to better understand the uncertainties and limitations of MODIS-derived LST. Yet these comparisons/ validations of MODIS LST products focus on mid-and low-latitude regions. At high latitude regions, especially Antarctica, there are still few reports on validation/comparison of multiple snow and ice LSTs derived from the various EOS standard products with temperature observations.
In this work, our main objective is to quantify the relationship and difference between LST values from MODIS Monthly averaged Land Surface Temperature Product created by Wan et al. [22] and near-surface air temperature from AWSs over the Lambert Glacier basin.
Study Area
The Lambert Glacier basin is located in a deep rift valley between the Prince Charles Mountains and Mawson Escarpment in East Antarctica and comprises the largest outlet ice stream system of the Antarctic Ice Sheet, covering an area of more than 1.5 × 10 6 km 2 . It consists of Lambert Glacier, Amery Ice Shelf and upstream area (Figure 1) . Lambert Glacier is the largest and longest valley glacier in the world and flows at the velocities ranging from 0.5 m·a −1 to 63 m·a −1 [30] , having important implications for the studies on the Antarctic Ice Sheet movement and its response to climate changes. The area of the Amery Ice Shelf reaches about 71,260 km 2 [31] , which is the largest ice shelf in East Antarctica. The grounded ice from the basin interior converges into the Lambert Glacier and then drains across Amery Ice Shelf through 1.7% of the coastline. The drained ice accounts about 16% of the area of the grounded ice in East Antarctic Ice Sheet [31] , which make the glacier basin very sensitive to East Antarctic ice mass balance changes.
Chinese and Australian studies on Antarctic glaciology and climatology have long focused on the Lambert Gla- 
Data and Methods
The V5 level 3 MODIS/Terra Monthly Global Climate Modeling Grid (CMG) LST data (MOD11C3) was obtained from Land Processes Distributed Active Center (LPDAC) of NASA Earth Observing System Data and Information System (EOSDIS). MOD11C3 provides monthly composited average LST values from the MOD11C1 product with clear-sky condition at a 0.05˚ × 0.05˚ spatial resolution. Each cloud free grid box of MOD11C3 provides a daytime and nighttime pass LST through a certain quality control. The primary source of the LST data in the series of MOD11C products is retrieved by the day/ night LST algorithm using thermal infrared bands. Compared to MODIS collection 4 LST products, the quality and accuracy of collection 5 LST products are highly improved by the important refinements of MODIS day/ night LST algorithm [21] .
We collected near surface air temperature data over Lambert Glacier Basin from a network of automatic weather stations operated by the Australian Antarctic Division Glaciology Program. Table 1 shows the characteristics of each site for near-surface air temperature measurements. Each AWS measures air temperature using the thermistors mounted at the nominal heights of 1 m, 2 m and 4 m. Hourly averaged data are relayed through AR GOS system via the World Meteorological Organisation's Global Telecommunication System. These data can be processed to daily and monthly averaged values when necessary.
Statistical parameters including the correlation coefficient (R), the mean difference (MD) and the standard deviation (SD) were employed to the investigation of the relationship between MOD11C3 LST and the corresponding AWS air temperature measurements. R is a variation which can measure the co-variation in time of the two types of temperature measurements. If MD amounts to zero, the average of LST is equivalent to the average of air temperature. SD shows how much variation exists from the average.
Results and Discussion
MOD11C3 LST presents strong correlation with air temperature at the heights of 1 m and 2 m with very similar seasonal variation patterns over Lambert Glacier basin (Figure 2, Tables 2 and 3) . In spite of the time difference between satellite overpass and air temperature observation, there is no significant difference of R values between air temperature and LSTs from the daytime mean and the nighttime mean. However, the relationship between the two sets of temperature measurements spatially varies with the locations of AWS.
Monthly averaged daytime LST are consistent with Table 2) . When compared to the East Lambert Glacier basin, the West Lambert Glacier basin indicates a relatively weak relationship between the two types of temperature measurements with the values of R from 0.79 to 0.91, and SD between 4.33˚C and 8.46˚C ( Table 2) . Mean difference (MD) between the two types of temperature observations varies from 2.87˚C to 5.29˚C. The comparisons of nighttime mean monthly LST and the corresponding 2 m monthly air temperature measurement yield R values from 0.80 to 0.99, and SD between 1.49˚C and 4.27˚C, while MD values are generally larger than those for daytime mean. Table 3 shows the comparison between MODIS observed LST and 1 m air temperature measurements from AWS. The correspondence between the MODIS daytime LST and air temperatures from AWS is strong for the East Lambert Glacier basin with the values of R ranging from 0.92 to 0.99, but is relatively weak for the West Lambert Glacier basin with the R values between 0.64 and 0.89. SD values is quite high (6.74˚C to 8.49˚C) in the West Lambert Glacier basin, while they are low (1.87˚C to 3.97˚C) in the East Lambert Glacier basin. The correlation between MODIS LST and 1m air temperature for nighttime mean is almost comparative to those for daytime mean, with R values from 0.66 to 0.97, and SD values from 2.11˚C to 7.34˚C.
The strong correlation between the two types of temperature measurements over Lambert Glacier basin implies that this LST product is robust and accurate for the estimation of spatiotemporal pattern of Antarctic regional monthly averaged air temperature. AHHRR satellitebased LST has been used to assist in Antarctic air temperature statistical reconstruction [10] . However, the accuracy of reconstruction is very limited at regional scales [10] . MODIS-derived LST provides potential improvement for the spatial and temporal air temperature reconstruction over Antarctica due to its robust agreement with regional air temperature. MODIS LST based air temperature estimate has been reported in other regions. Vancutsem et al. [32] used MODIS data to assess weekly minimum and maximum air temperatures in different ecosystems over Africa. Over the state of Mississippi, USA, Mostovoy et al. [33] evaluated daily maximum and minimum air temperatures from MODIS LST products. Zaksek and Schroedter-Homscheidt [34] assessed 2 m air temperature based on MODIS LST data for Slovenia, the French region and southern Germany. Spatial and temporal variability in air surface temperature in Portugal was also estimated using MODIS LST data [16] .
Despite the robust correlation between LST and air temperature, MODIS daytime and nighttime mean LSTs are slower than air temperature at the heights of 1 m and 2 m. MD between monthly averaged LST values and the corresponding air temperature fluctuates from 2.87˚C to 8.08˚C. Furthermore, relative to air temperature mean, daytime mean LST has a higher average than nighttime mean LST. Over Antarctica, the temperature inversion exists due to inequality in emissivities of snow surface and atmosphere [35, 36] . Significant temperature gradients in the low atmosphere linked to the inversion may contribute more to the lower MODIS-based surface temperature than air temperature from AWS measurements. AWS point observation may not always represent the temperature over a MODIS pixel (about 5.6 × 5.6 km 2 ) due to the surface roughness and some shadowing. In addition, the monthly averaged MODIS LSTs were derived from only cloud-free data owing to its inability to precisely observe LST through cloud cover or fog. When storms and blizzards take place over the Antarctic ice sheet and nearsurface temperatures vary significantly.
Conclusions
The comparison between MODIS LST retrievals and in situ near-surface air temperature observations gives some helpful understanding of the remotely sensed data. Despite the difference in spatial scales, the monthly averaged MODIS LSTs were strongly correlated with monthly air temperature measurements. Through the linear regression of the robust relationship between the two sets of temperature measurements, gridded air temperature can be estimated for future climate change studies and application in the high resolution regional climate modes.
The deviation between the two types of temperature measurements may be dependent on many effects including temperature inversion, heterogeneity in surface emissivity, representative of point measurements, MODIS LST error, and satellite-self limitation (e.g., cloud contamination). Spatial and temporal in situ ground and radiation-based LST measurements over Antarctica are therefore urgently needed to quantify the uncertainties in LST retrieval. The revised algorithm in the processing V6 MODIS might have improved cloud clearing. Other instruments which have been launched and are going to be launched may provide LST measurements or products. It is very likely to determine LST by means of multiple instruments. 
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